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(54) [^WCD^IW *«EL^¥»$!^*» 

(57) (IKE*) 

mm) r >v^=^^> Km<r>mMM^9}hr ^ti »&m 

^Col ^^W*4i^Q3im?-&ff.» Lot £ #8Mt» 
LfcUrf f - A C <fc otlf S *T«Stt Sr»«^ 

3, 



(2) 

1 

[»** 1] Xffi t , *«BM> b 4 a EMS t . 
[0 0 0 1 ] 

r e L j tifci51-*o ) *^o«3S*fe^H"*-*o 

[0 0 0 2] 

m temmmfr b Hm-iEJLffiAJB - *^ 

[0 0 0 3] iia^fllifiSrttb-Cv^^tjlELSI^-C 40 
ft, »S^feii:Sl**:ttjE?LaA«S:^UT«5feJl^tt 
A £ Jxfc jE*L k mt&fr b Bg * A® £ir b T 

mftJS \z S A $ ixfclr k &W&&1r sr^aotl 

lot b 

[0 0 0 4 ] tt*Ba«fc^«to4 . OeVi 

Hb^t&JIRS r<g;tt* : B8»^JRJ k^Oo ) 

t L-rffll^I t ^ioTlfcffiOflt^ttAttSrlSliS 50 
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2 

-£ % /;,o, ^f^Pi^^iwTyu^^^^ (A 1 ) , & (A 
u) , M (Ag) , m (Cu) , £«& (Zn) , » (S 
n) , jft (Fe) , =^vuh (Co) , ~:y^vu (N 
i) , /<-}~i/&J* (V) , ^ui* (Cr) ? ^7^9^ 

(Pd) J:9tt*BB«o*#i^*«ttAJR (KT, 
rtLb^SS: r^^ft4fe«J t^9o ) S:^fr£-££ 

c ttrioT^^^KSriaar. t^^£H-o^ 0 

[0 0 0 5] 

jr t ^te&R t &r^* tri^ .bis^Pi® £ r. n h <o 
[0006] -rfc*^ egt*PSR^*^H^*ffi"e 

fi, 9^#* S T^ (W) , 9^9^ (Ta) , ^U^7 
> (Mo) ^cOiftiS^^JR^b^'S^^ V ^ > htt, ^ 

cd * \z ttfflrfaoffi»i*pf»ff <^ br asesara^o 

JBtfclfcSfcO (PJiSA 1 , Au, Fe, V, Pdf) 

t^5o ) o 

[0007] ^fc, mmmmmMm^com^mmmx 
femm urn ^^^ian, /^^rt mm-r 3 r. t ^ 

t5t«5 (WlitfA 1 , Au, F e, V 7 Pd^) 

t^9o ) o 

[0 0 0 8] -tLiC^j-b, XH^td— «6C«fflS4X"C^ 

^k^mxh^o 

[0 0 0 9] IsfrVte&b. (B:tt*H»&*tSc3fe^ 

y V^j£^«toTlWSEO*««l«±, "f-*fcfe. 
fc fi^ fflWfifi^ -t b fc » b Jx 6 * 

4r4R« i ± b /c *m e l iz jt-c-c a # < * 
So 



3 

[0 0 10] *?%m(DB&)te. 58jt#i4^ff*tjt*r«E 
[001 1 ] 

[00121 Sfc, etttPBaftAJRt^^t&JRirS:* 
»»±fc»j#Lfc*frfc#«E L*^^3B*«H4*s(ST 

[0013] **Wtt^ixe>^*P*t-*^^T*SHfc 

jew > e> * 5 t *m l , fl(HBa«±«wWiB»ffi3&s»j* 
Six, r<7>»ffi±^ttlE*»*«^»^;$tb, 

[0014] 

mot j&s-r ^ & k <o mm a* & % <d x\ * -r r. 09 

[0 0 15] **W^S=t-*3^ % TStjfS<7?*ia^/i±{- 
ftoy&mMXfo^X h X ^ U 2 @J£Jl ±<DSffi?£^/&#£ 

2 a»±^m*R*^ 1 1 M£ 7t « 2 aw±co(6tt 
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4 

*B8*4feJR ^^Ilt^; o X t> 

[OOlGlHM^WI^Ud WSSUfcJ: 

Al, Au, Fe, V, P d^?A^fbfo& Q — 
tett*B8»&JB^A#M i: tttt. y^A (L 

i) , thy (Na) , #y^A (K) , /Utfv^ 

10 (Rb) , irv-^A (Cs) T/U^y^ 
JR) , (Ca) , ^hnyf^ (Sr) , 

/^^ (Ba) , (Mg) (J^Jr, T/U 

*y±S^JR) . -fyf^f^A (Yb) , /U^r^A 
(Lu) , (Nd) jS^O^y^A (Tm) 

[0 0 1 7] Iftffi^ttfiKtt, Ift^t^ttELi^i: 
f^tUTAI, Au, Fe, VSfcliPdSrtt 

*fctttt*Ba*2. 9 e vKT^r^y ±m&m (c 

a, Sr, Ba) 2r^* bTt * 5 t> tf>J&SWtt:£f 

£Li/\, r T/u# y ^I^T;^ y ±m&mt 

comm {—jj<D&mm&ox*&>z>Wr&*<at*o ^ts^j 
b Q ) nitho. 0 1 — 1 Owt%<o*BHrt-e5S3:SiRpl 

[0018] «*««ja** s i«i < , *^#A*S* < , m 

-mytmzmn. fro. ajK«««K»w^ftEEJz#35s 

Al, Au, Fe, V*fcttPd iJilE<OT/U^7 y^&JR 
*5<tt//*^l^tt*B8*2. 9 e V^T<OT/U# JJ ±S 

iU 5 Tyu*y±SI*j|R) ©tfi^^it^tf^ttA 

40 -r^T-tttg^s^tt^teTb^-r< 

*y&«i:#tFlE^)Tyu*y±*4fe« (tt*BB«:2. 9e 
Itfe5:ii^7/^ y4feJR*3«tU ! Tyu* y ±»&JR 

[0019] ±mcommte. w»e L^T-copis^ lt 

50 itffifttiCI^ bT-Sa^ 1 0 n 1 n mCOWm^^M'KM 



(4) 

5 

R5TfigT*fc5^ IS^S 0 — 2 0 0 nm^t5: fc 
*^Jlco^*tt-^i-*OiS Lfcm^-SrflBW bfc 1 1 K» 

[0021] mmm^mvfcm^itmMv, io 

I**t^A 1 Oi^l:ii«fe2 k VHT, Au, F 
[0 0 2 2] ^ ^ ^ FJf iE^^iS^: 

i 5 ^$y» ttt^ if- AiE#ffiK i o xmm 20 
m$L& t mm^ i^xmrnm^mm tfcir v—j*mm 

IB Co ) . Sfctt* »^3»*^tttSiJ^«SWlPfR**t> 
[0 0 2 3] #/8;#<7)ftffitt* #jft#«r*Kttfcra»fc: 

[0 0 2 4] rr-e, H^f-fcT— A^^^i^iott^Anigfl; 
»t-5I*lt ^# *f »^*Dii b 7t ST- £ fiSW b fc t # 

W««*W»^**tt*sWEO«H4X mz X o TiBifcfc 

m b fc«-T- & «UW b ft t # S b #tt X 3fi 
[ 0 0 2 5] tt-?-^— A*S»ffitt, »PiS«JES:±BE<0«t 
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6 

iP5fa7J£, 2 7 0° flfaJ^<ofJ&®JE • *SI8fefliT-gES:/H 
i > £ m » <7? IT tr— * 3£ * & ftfe , 4>£ ^®Sfcm*DSft * 

[0026] M&w>j±z±m<v£?izmmvfz.m z r^— 

«i. Xj»^JSrltl8^C*^S:»x.S 5 ;ta>£>, JP® 
[0 0 2 7] «T*t: 0 -^^^&^ bT±IEiiflr<7?«^-tr 

—jxM^fe&Mm-tzwr&s fimmfe&wtteo. 5kv 

bT, tr-^«SKSr0. l-4AS*tt5^i:^«FS 
fc*s«J:9iff*b^\ ITt-^lf'S^ttliE 
HtjfS^#t4Xm.^S«^^$n^^(fiJ^T^ bT, 

^ si»«*««stSr«+— 300 Amm t-tzzt 

^b<, *5llMiSi:o^t«+~2 0 0A1 

3gi"Sr:i:fi-e#*V^, HCDSia5Al©«*tt 
[00 2 8] ^f, Kffl*rt*rl. 3xi0- 4 Pal^T 

LTT/^V (Ar) 

au mQmft(Df£?)*i x i o° - i x i o- 2 Pag 

^ooPfli-K^mJE (SSV) S:^*tT. 
Sft^Ai»>*^, HkPVDEtJ3& 1 X 1 0" 2 P a 

0. 3-5nm/&^«:^U!)^l<, 
0. 5-lnm/»tt5^t*Jbi:JfSU> e * 

M ^iEBtl^ 1 5 - 5 0 c m ^ 

r. £^£F£ bi\ *^o, ^»ttrt^>^7X^«aES:± 
tf^Tt^ic, 1 0 OJfVxM&OMR&frn— ft y— K 

[0 0 2 9] **Mco*i£^*3V^-rtt, JSf!g*^S:# 
t IT t (:fe/c o T^>^ < i: t>mjfBcO 



7 

m^cD&mif-m^m^teZo tit, »3S«best±e 

[0 0 3 0]*»J$m ±3£co J; 5 JcbTf^ 
j£ $ Jx T v *4 S * Jf « E L HI SS 36 K 3S ffl 

(1) — (4) (Dt^fiftnSo 
[0031] ( i ) mm/ztytm/mm 

(2) Eftffi/:E?LffiA*/«ftB/l£@ 

(3) Kffi/5B3fe«/«^ffiAS/ISffi 

(4) Bfeffi/jE?LaAS/3§3t*/S^aA8/»« 
[0 0 3 2] ±IB (1) ^^^f^«ELlK*(a 

*Jl*s**W"et^***afi<o^r««ili«2:*ia U -LIS 

*Ji^**w^^9#JB«»^*«*Jl^*a^b. _eie 

(3) <D^4^<D^mE hm^xn^t/tm^xxim^^ 
*j§&*&m^*i&mm^<ommtom\zftm^ -bis 

(4) <D#>(y><DmmELm+xtejE*L&Am< m%m 

[0 0 3 3] (A) 

S£WJ&3fcBi!9 ffibB5ti"5»-&«-tt, SRKSi bT 
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tetr^u, 3t?yr^yu— k ^y^nt 0 ^, *Ky^ 

igS®^ffiT-$>5o — S«fli Soffit 9 fflLSi b 
W^fJftiJB3B5tS!^*«E Li^^iai^ 

xmm-tz>z.tfrx*zz> 0 z.(om^<ommnMm^xh 

10 oTl)»tfcoTUi\ 

[0034] ( b ) mm 

K-b) ««e9H4<fc:'&«i*^«rne>cojS 
Jg. Cu b I TO, mmtfa, ffifc v K-fb^, I n-Z 

3Ma>btf>5£# (EL*) Sr±fa^SSffill^feBi9Ui-t- 
20 4&-§\ *tt^*3ttSfltrlEELJt<7>Sia*ttl o%«±-t? 

^10 n m~ 1 Mm, 0 0 n mCOg£ 

[0 0 3 5] (C) 3§5fcjf 

teJ:tJ e /*^li«^ftA^3|s|-t(3C>iS-&«>^ S0E«-&« 
fc b< fi**!!^*^*^***^*^^*^^^ 
30 -aK/*$ft£#^t>*>*o 

[0036] m%m<o*mt i^xmrn-r^^m^mm 

tt, (a) S#coffiA«tg, «ffH3*D«F^*fli 
fcStMiiE?LaAJi^biEJLSraA-t-Sr PS 

ffi fe -5 1 > nm^ aAi & «^ ^ aAt ^> r. t & x % & 
mm, (b) m^mm. ^A^n/ciE?L^j:t> v 

±iE(a) -(c) 

< , f^J^tfIE+L^^A*ft^^«T-co^A^^tti: 9 t> 
[ 0 0 3 7] ±|BO***3B3ttfJ|s|-t btfj;, Mx.tf'O 

/us^fio^jaeffl^, ^^-y ^>-if >^fb^fe 

[ 0 0 3 8 ] ±EO**;Jte»J^A»:OTi: LTIi, ^> 

(5, t- 

50 ^V^yu- 2 -^y/t^t/!i vu) - J , 3, 4—^ 



(6) 
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7->7/-/K 4, 4' — tr* (5, 7 - t —-<>^-^ 

] J x^;L"<>. 4, 4' -tr 

* [5, 7 - v*- K2—* s }-)\'-2.—-f s ?M -2--< 
y/t^t/li/^] *?vi"<>\ 2, 5 — tr^ (5, 7 

2, 5 — If* [5 — a, a — v>*^ fMyv»- 

2 --o-y^-^f-y y^] 2, 5 — fcT* 

2 y 5 — fcT^ (5-^^^-2-^^y f ^-= 3 ri^^y/^) 

yU) fcf^m^yK 5-^^-yt~2- [2- [4- (5- 

-<yy"t^t/-^, 2- [2~ (4-^no7x^ 
yu) fcf^/u] t7h [1, 2-d] t^t/-/v*^# 

tfbn, ^y/f7/-/^tii2, 2 r - (p-7x 
m/y^ tr= u is) - tr* soy^-r y—^mt^mf & 

tls -<>yV^^V-yU^T-^2~ [2- [4- (2- 
y — yK 2- [2- (4 -^yu^v^^-A-) 

yU] -<>y^ ^ ^V-y^/i^tf btL5o Sblw. 

^VX (1 9 7 1) , 16 2 8-6 3 7H*3«fcl**6* 
(R-Q) 2-Al-O-L 
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* 4 OllI?ij|^lTt^o 

[0 0 3 9] Sfc, iSEO^^yyu^^if^*^*^ 
MrfcffltVXfc* 1, (2-^^/u^^y^) 
^<>i^v % 1, (3-^^yu^^y/^) ^<>"tT 

i ? 4-tr* u-^A-^y a-) ^>-t?>\ ^ 
^.^y/u-<>if>. i ? 4 — tr* (2-^^/u^^y 

yu) ^ 1, 4 — tf* (3-^^yL-^^y/^) ^ 
^if>, i, 4-tr^ (2-^^yi-^^yyu) -2-* 
^yu-^if;/, 1, 4-fcT;* (2-^^-y^^^yyu) ~ 
10 2 — ix.^vU'O'-g ;x^^2pff btl-5 0 

[0 0 4 0] £feJ^ iSzEbfc^Ttita^J^cfc^^y 

1, 4-y7x^-l, 3-y^v>^>. 1 ? 
1, 4, 4 — h 9 1 , 3— yfi/zsLis^ -r 

n^y^^xyi^ t'PDt'a-y^tt, ^^y 

^^yy*ft^», iriMwo 

90/13148 ^Appl. Phys. Lett. , vol 58, 18, P1982 

20 (1991) izmm^ttx^^xo^^^it^, 

y/fyf^S^ TIB-®!* (I) 



(I) 



[0041] ±m^m^^ ^ y -rv 

t$)<7)E-{$ffi\t L"C{i; 1, 4— 7:n:=-U'>'S^3 L y7 f -< 

>\ 4, 4' -7x^l/y^f!)7-f^ 2, 5-^ 

y ^ y f i ^ , 2 , 6 — u> v-'y ^ u 

XV 1, 4 - fcf7i= U-^v^ ^ y "rV >\ 1, 4 
-p-rl/7x^l/yy^f !if>y, 4, 4' 

(2, 2 — i/— t —y^-^y^z^ yUtf^yU) t^^^ 
yK 4, 4' -fcT* (2, 2-^7x^1^^) fcf7 

±f£-«*t (I) T^^tbSffc^^^Jci: L-Tte, 
fcT* ( 2 -j* ^yu- 8 -^r/ y / =7— h) ( P 

/u7x;7-h) r/u^^^^ (in) . tr* (2-^ 

?vU-8-*/ y /5— h) (l-t7h7-h) TyU 

^^Xn (ill) ^^tfbtbSo 

[0 0 4 2] ^cofdi, ±i£Lfc*«##W**«:*;* h t 



40 



50 



4' — tT^ (2, 2-^7xxyHfn/U) t'^^^yU) 

WirbTtt, y7x^/U7^t^7y-i/y 

-<>if» ^4, A f -t^ [2- [4- (N, N — 
-p-hy^) -7^^yu-] tr^yu] t"7x^u) *s#Jf 

[0 0 4 3] ±iz6Lfc*««6*»**Srffl^-C«*Ji*» 

e> $ ixj^MS: $ tb/c , m^mm^ ft am 
fc»B8 (^^F-^ariR) t&mmffim, m^m^M 



(7) 

11 

^ *ixfc:iBIS-*-S«ffiWfcffi*K -t 9 E^-T^ r. fc tf* 

tfST?£*riS, ii*5 nm-5 /im©«BJi s !f* t^. 
[0 04 4] (D) jEJLffiAJi 

ffiA*t**J t^5o ) tt, IEdFL^ttAI4fcSVMi«^ 10 

9 «^J63t#<Z>:£?LffiA»» fc Ltffl V > tiT V * 3 co 

- 5 cm 2 /V-s (IW1 0 4 - 1 0 5 V/cm) 

[oo4 5]^i^im hur/^i*^ t 

K^r/^R*^ ^^/^^fi*** v^i^W*^ 
-r— (#tc^^^^>-^y ) > j«/w7-f ywt^ 

-r^^k^, pi-s i-^p-ss i cfcote«^ 

[0 04 6] IE?LffiA»Wt Ltli, -y y 30 

fei, f ^ yfc^ft^fcii^f y ^7 ^ y(t 

[0047] ±ta^w^ -f y tt 

(i, /K.'l'^ 7 .^v, 1 , 10, 15, 20— -7"- h 77x^ 
/U-2 1H, 2 3H-*^7-f (ID . 1, 10, 
15, 20-rh77x^-21H, 2 3H-^>7 
-f^ffift (ID , 5, 10, 15, 20-fh7^r^ 
(^y^7;^D7x^) - 2 1 H, 2 3H-2K^7 
y^y7^->7^y^yF\ Tyi^ — 40 

^^7^Dy7^y, SHr" F7,^W^ny7 

y7^>t^y h\ ■7^->!?A7^p^7->'. $3^" 
y ^ y f./U7-^ p *>T^>#* s *(f b^^)o 

[0 0 4 8] sfc, i»IE*«flilB=iRT5^il:-&**5j: 
Xfx7 l J /U7^ Wt^tt<0A*MM£: Lttt, N, N, 
N' , N' -f h7 7x^;i^-4, 4' -i/"7^ /7x 
:^yK N, N' -y7x^/u-N, N' -fcT;*- (3- 50 
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?L=3-;l>7 ol^jV) — [1, 1' -t°7x^/l/] —4, 
4' -y7;y, 2, 2 - tf* (4-y-p~h!J^7 
^ y ^m^/l/) 1, l— tf;* (4-y-p- 

hJj;U7; 7 7x^;U) i> y* n ^^1^ > , N, N, 
N' , N' -fh7-p-hD^-4, 4' ~^T^/ 
tf:7x^yK 1, 1— hf* (4-y-p-M^7;7 
^^-/U) — 4 — -y^^jV-yV u/--^-y->\ tr* (4 — 

VyuT ^ y - 2 — y f^7x- yu) 7x^/u^^ 
>\ ty (4 - \y— p — h y /VT ^ / ^rc^/u) ^mr^ 
/uy^V, N, N' -> f 7x^/U-N J N' ~i> (4 — 
y h^->^^.-/^) -4, 4' -^^/t^x^/K 
N, N, N' , N' -fh77x^-4, 4' -v^T 
> 7v?7x^^-r/K 4, 4' -t°7 ( v^^jnyu 
T^y) ^*-K!)7i-/K N, N, N-hy (p- 

hy/l-) 7^ 4- (y-p - h!i;U7^ 7) -4' 
- [4 (2x-p— MJvurs y) y^^yyi-] *7/i"< 

>\ 4— N, N-^7x^ /UT^y- (2— v^ix—yl' 
fcfjnyU) <-<>i?>. 3-y h^>-4' — N, N — v*:7 
x^;U7 ^ y ^^yi-^V. N-7x^yU^yw^/-/K 
4, 4' -tr* [N- (1— -N — 7x-;u 
T^y] h:^x.^yu<D<fc9^2fflco^3S : #^it^^ 
rti^^^^^co, h y 7x^^7; ^ M s 3o/; 

[N- ( 3 — y ^yu^^i^ yu) -N-7xn;y7 ^ 7 ] 

h y ^^^yur ^^^jf ?5^^ 0 

[0 0 4 9] iE?LttAIIi, _biEbfejETLaA*t**Sr, 
Wx.tfKSi#i£ f xtVn-hfe, hffi, lb 

tf. il^f!5 nm~5 u mX*&>% 0 ^OjE7L^A^^> 
IEJLffiAttW<0 1 ffi^ 7t tt 2 «£JLk 5> * S — *1»3g 

[0 0 5 0] (E) IrSAl 
«^ ft , DT^J W^jRf 0 » ^ It b 

[0 0 5 1 ] *ft:{f'J^ L"C}i. = hn|jft7/utl// > 
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t^rt^7/-«, #BB0S5 9- 1 9 4 3 9 
A, h !i ^ (5, 7-^0^-8-^;?;^) T 

u, Ca ? Sn, G a*fcHP biC«#ftfcofc&JR«S 

[0 0 5 2] «^S7JIfi* ±^L/cffiT-aAfffi-£r, 
Mx.tfSE^SS#ft, s*^;* h£fe, LB 

7^, ii^fi5 nm~5 /imTfeSo - ^SrF^EAS fi, 
fz o X ffi & L IftffiT&Sffl (D JtffifK#S« SrJB V ^ tf . 

%?z-xm%\xfoz> 0 ^<om. &m<nte&&*ft^ft& 
mm^?, -tttfr-h, fc5«A<D^j*»a>fe&<&JiB 

[0 0 5 4] Sfc, Httfc, tHELi^llHStttl 
[ 0 0 5 5] ±ffi<DitJh«<0»J|s|-i:bTfi, Th77^ 

/Kyypfuv, tku ^ ^^tf? y k ^y 
y > h\ /Ky ^y t\ #?y t- h77/utp^f /K 

U^/pd h y 7/l/^"Pxf l/>\ tJa y a a v^A^ 
pxf uy, ^ n a h y ^/U^a l/y^y^ony 
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tt«K*3 J: tfBR/k* 0 . 1 %«T^KfflH4«?K. I n , 

Sn, Pb, A u , Cu, A g , A 1 , T i , Ni ^(O 

MgO, S i O, Si0 2 , A 1 2 0 3 , G e 
O, NiO, C a O, BaO, Fe 2 0 3 , Y 2 0 3 , T 
i 0 2 t£<D&JRWtikVB* MgF 2; LiF, A 1 Fa , 

10 [0 0 5 6] ±|S(OWf4^^^6$tJiiS^^-r^^fe 
i/ft, ^-V^hfe MBE ) ft, 

— If— CVDS, iCVD?fc ^y^CVDftl^ 

t\^x<>xm^ti^m^mi^i&^y ^mitmm^ 

f^y> ^ > ^W^>*S:K*t"C fc <t ^ b , ^ ^ v ^Wft 

[0057] /^jb\ ^wv^mizisft &m&<oMf&¥> 

[0 0 5 8] 

50 H1ffe9J 1 



(9) 

15 

(i) &mELm*<nftm 

«2 5ram, «7 5mm ; fSl. lmm^7 
^SffiJbKlKJ* 1 0 0 nm<D I T O^WMM 
S) (EAT ruMSttt^Kj fct* 

9o ) SrJBSbfco r^HHS^^SffiS:**^*^® 
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(54) [Title of the Invention] Method for Producing Organic 
EL Device 

(57) [Abstract] (Amended) 
[Problem] 

It is difficult to successively produce organic EL devices 
each comprising a cathode containing a hardly vapor -depositing 
component such as aluminum, and a low work function metal such 
as an alkali metal, or an alkaline earth metal by a resistance 
heating method or an induction heating vapor deposition method. 
Although it becomes possible to successively produce such 
cathodes by an electron beam vapor deposition method or a 
sputtering method, a light -emitting property of such organic 
EL device is deteriorated. 

[Means for Resolution] 

When an organic EL device comprising a substrate, an anode 
comprising an electrically conductive film, an organic 



2 



substance layer having a monolayer constitution or a multilayer 
constitution comprising a light -emitting layer containing an 
organic light-emitting material, and a cathode comprising a 
metal film containing a hardly vapor -depositing component is 
produced by the steps comprising: forming the anode on the 
substrate; forming the organic substance layer on this anode; 
and forming the cathode on this organic substance layer , at 
least the hardly vapor -depositing component among components 
of the cathode is allowed to be vapor deposited by an electron 
beam in which an acceleration voltage is controlled such that, 
when an accelerated electron is irradiated on a vapor -depositing 
material, a characteristic X ray is not substantially radiated 
from the vapor-depositing material to form the cathode. 

[Claims ] 
[Claim 1] 

A method for producing an organic EL device being 
characterized in that, when the organic EL device comprising 
a substrate, an anode comprising an electrically conductive 
film, an organic substance layer having a monolayer constitution 
or a multilayer constitution comprising a light -emitting layer 
containing an organic light -emitting material, and a cathode 
comprising a metal film containing a hardly vapor -depositing 
component is produced by the steps comprising: 

forming said anode on said substrate; 
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forming said organic substance layer on this anode; and 
forming said cathode on this organic substance layer, 
at least the hard vapor -depositing component among components 
of said cathode is allowed to be vapor deposited by an electron 
beam vapor deposition method in which an acceleration voltage 
of an electron is controlled such that, when an accelerated 
electron is irradiated on a vapor -depositing material for the 
hardly vapor-depositing component, a characteristic X ray is 
not substantially radiated from said vapor -depositing material 
to form said cathode. 

[Claim 2] 

The method as set forth in Claim 1, wherein a metal film 
made of multiple components comprises the hardly 
vapor-depositing component and an alkali metal and/or an alkali 
earth metal as a cathode. 

[Claim 3] 

The method as set forth in Claim 1 or 2 , wherein other 
components of a cathode than the hardly vapor -depositing 
component is vapor deposited by a vacuum vapor deposition method 
of a resistance heating system. 

[Claim 4] 

The method as set forth in any one of Claims 1 to 3 , wherein 
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the electron beam vapor deposition method is based on a hollow 
cathode discharge heating system. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to a method for producing 
an organic electroluminescence (hereinafter referred to also 
as "EL" in short) device. 

[0002] 
[Prior Art] 

An organic EL device ordinarily has a constitution in 
which an anode comprising a transparent electrically conductive 
f ilm, an organic substance layer having a monolayer constitution 
or a multilayer constitution comprising a light -emitting layer 
containing an organic light -emitting material, and a cathode 
are laminated on a substrate either in the above -described order 
or in reverse . When the above -described organic substance layer 
has a monolayer constitution, the organic substance layer 
comprises the above described light -emitting layer, while, when 
the organic substance layer has a multilayer constitution, the 
organic substance layer is constituted by, for example, a 
hole-injecting layer/a light -emitting layer, a light -emitting 
layer/an electron-injecting layer, or a hole injecting -layer/a 
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light-emitting layer/an electron -in jecting layer in the stated 
order from the side of the anode. 

[0003] 

In the organic EL device having such constitution as 
described above, a hole injected into the light -emitting layer 
from the anode directly or through the hole injection layer, 
and an electron injected into the light-emitting layer from 
the cathode directly or through the electron-injection layer 
recombine with each other , thereby emitting light . As a measure 
for improving light emission efficiency or a duration of life 
of the organic EL device based on such light emission mechanism, 
it has been studied, for example, to select or improve a cathode 
material. 

[0004] 

Specifically, it has been studied to improve an 
electron-injecting property of the cathode by using, for example, 
an alkali metal or an alkaline earth metal having a work function 
of less than about 4 . 0 eV ( hereinafter , such metal being referred 
to also as "low work function metal") as an cathode meterial, 
and to aim at stabilization thereof by allowing an electrically 
conductive metal having a larger work function (hereinafter 
such metal being referred to also as "stabilizing metal" ) , such 
as aluminum (Al), gold (Au), silver (Ag), copper (Cu), zinc 
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(Zn), lead (Sn), iron (Fe), cobalt (Co), nickel (Ni), vanadium 
(V), chromium (Cr), and palladium (Pd) to be contained in the 
cathode. 

[0005] 

[Problems that the Invention is to Solve] 

When a cathode of an organic EL device is formed, any 
one of a vacuum vapor deposition method of a resistance heating 
system, a vacuum vapor deposition method of an RF induction 
heating system, an electron beam vapor deposition method, and 
a sputtering method has been employed; however, when the 
above-described cathode containing a low work function metal 
and a stabilizing metal is formed by any one of the 
above-described methods, drawbacks as described below are 
generated depending on compositions of the cathode. 

[0006] 

Namely, in the vacuum vapor deposition method of the 
resistance heating system, a vapor deposition material is 
allowed to be vaporized by electrically heating the 
above-described resistance heater, while using a vaporization 
source comprising the resistance heater in a filament state, 
a boat state, a basket state or the like made of a high 
melting-point metal, such as tungsten (W), tantalum (Ta), and 
molybdenum (Mo); however, among the above -described 



7 



stabilizing metals, included are metals (for example, Al, Au, 
Fe, V, and Pd) which each react with the above -described 
resistance heater to greatly reduce durability of the resistance 
heater, resulting in difficulty of successive film forming 
(hereinafter these metals being referred to also as "hardly 
vapor-depositing components" ) . 

[0007] 

Further, in the vacuum vapor deposition method of the 
RF induction heating system, a vapor deposition material is 
put in a crucible and, then, the vacuum vapor deposition material 
is allowed to be vaporized by heating the vapor deposition 
material together with the crucible; however, when the cathode 
containing the low work function metal and the above -described 
stabilizing metal is formed by the vapor deposition method of 
the above-described RF induction heating system, among the 
above-described stabilizing metals, included are metals 
corresponding to the above -described hardly vapor -depositing 
components (for example, Al, Au, Fe, V, and Pd) (hereinafter, 
these metals also being referred to as "hardly vapor-depositing 
component ) . 

[0008] 

To contrast, when the electron beam vapor deposition 
method which uses an electron gun of a high -voltage/high -output 
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or a low-voltage/high current (in each case, about 4 kV to about 
10 kV or more; about 2 A or more) used industrially o r the 
sputtering method is adopted, a successive film forming can 
be performed even with any one of the above -described hardly 
vapor-depositing components when they are in a condition of 
high purity. 

[0009] 

However, when the cathode containing the low work function 
metal and the stabilizing metal is formed on the above -described 
organic substance layer, namely, the organic substance layer 
having a monolayer constitution or a multilayer constitution 
comprising the light -emitting layer containing the organic 
light-emitting material by the above -described electron beam 
vapor deposition method or the sputtering method, a 
light-emitting property of the organic EL device to be obtained 
is greatly inferior to that of the organic EL device in which 
the cathode having a same composition is formed on the 
above-described organic substance layer by the vacuum vapor 
deposition method of the resistance heating system or the RF 
induction heating system. 

[0010] 

An object of the present invention is to provide a method 
for producing an organic EL which is capable of successively 
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preparing organic EL devices each excellent in a light -emitting 
property . 

[0011] 

[Means for Solving the Problems] 

The present inventors have conducted an intensive study 
on a cause which deteriorates a light-emitting property of an 
organic EL device when an cathode containing a low work function 
metal and a stabilizing metal is formed on the above -described 
organic substance layer by a conventional electron beam vapor 
deposition method and, as a result, reached a conclusion that, 
in the electron beam vapor deposition method, when an electron 
which has been accelerated by a high voltage has collided with 
a vapor-depositing material , a radiation ray such as a secondary 
electron beam or an X-ray was generated and, then, a fluorescent 
property of the organic light -emitting material contained in 
the above-described organic substance layer was lost or reduced 
by the radiation ray. 

[0012] 

Further, the present inventors have conducted an 
intensive study also on a cause which deteriorates the 
light-emitting property of the organic EL device, when the 
cathode containing the low work function metal and the 
stabilizing metal was formed on the above -described organic 
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substance layer by the sputtering method and, as a result, 
reached a conclusion that, in the sputtering method, the 
fluorescent property of the organic light -emitting material 
contained in the above -described organic substance layer was 
lost or reduced by a plasma damage, specifically, a high -speed 
electron beam, a neutral or ionized high -energy atom, 
particularly, an ultraviolet ray which is likely to interact 
with an organic compound. 

[0013] 

The present invention has been achieved based on these 
findings and a method for producing an organic EL device 
according to the invention which attains the above -described 
object is characterized in that, when the organic EL device 
comprising a substrate, an anode comprising an electrically 
conductive film, an organic substance layer having a monolayer 
constitution or a multilayer constitution comprising a 
light-emitting layer containing an organic light -emitting 
material, and a cathode comprising a metal film containing a 
hardly vapor-depositing component is produced by the steps 
comprising: 

forming the above-described anode on the above -described 
substrate; 

forming the above-described organic substance layer on 
this anode; and 
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forming the above -described cathode on this organic 
substance layer, at least the hardly vapor -depositing component 
among components of the above -described cathode is allowed to 
be vapor deposited by an electron beam vapor deposition method 
in which an acceleration voltage of an electron is controlled 
such that, when an accelerated electron is irradiated on a 
vapor-depositing material for the hardly vapor-depositing 
component, a characteristic X ray is not substantially radiated 
from the above-described vapor -depositing material to form the 
above-described cathode . 

[0014] 

[Mode for Carrying Out the Invention] 

Hereinafter, preferred embodiments according to the 
present invention will be described in detail. 

Since, as described above, the method for producing the 
organic EL device according to the invention is maximally 
characterized in that the cathode comprising the metal film 
containing the hardly vapor -depositing component is formed on 
the organic substance layer having a monolayer constitution 
or a multilayer constitution comprising a light -emitting layer 
containing an organic light -emitting material by a specified 
method, first of all, a composition and an electric 
characteristic of the cathode and a forming method thereof will 
be described. 
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[0015] 

In the method according to the invention, the cathode 
to be formed on the above -described organic substance layer 
may be any one of a metal film made of a s ingle component compr is ing 
one type of a hardly vapor -depositing component, a metal film 
made of multiple components comprising two types or more of 
hardly vapor-depositing components, and a metal film made of 
multiple components comprising one or plural types of hardly 
vapor-depositing components and one or plural types of low work 
function metals. Therefore, the term "the cathode comprising 
the metal film containing the hardly vapor -depositing 
component'' used herein is intended to include the cathode 
comprising the metal film made of a single component and the 
cathode comprising the metal film made of multiple components . 

[0016] 

Specific examples of the hardly vapor -depositing 
components include, as described above, Al, Au, Fe, V, and Pd. 
On the other hand, specific examples of the low work function 
metals include lithium (Li), sodium (Na), potassium (K), 
rubidium (Rb), and cesium (Cs) (these metals being alkali 
metals); such as calcium (Ca), strontium (Sr), barium (Ba), 
and magnesium (Mg) (these metals being alkali earth metals); 
rare earth metals such as ytterbium (Yb), lutetium (Lu), 
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neodymium (Nd), and thulium (Tm); and indium. 



[0017] 

Although a composition of the cathode can appropriately 
be selected depending on required characteristics and the like 
of the organic EL device to be aimed at, in order to obtain 
the cathode which is as good as possible in the 
electron-injecting property, it is particularly preferable 
that the composition is made of multiple components comprising 
any one of Al, Au, Fe, V and Pd as a hardly vapor -depositing 
component and any one of the above -described alkalimetals and/or 
any one of alkali earth metals (Ca, Sr, and Ba) each having 
a work function of 2.9 eV or less. On this occasion, an entire 
quantity (inclusive of a case in which the content of any one 
of the alkali metal and the alkali earth metal is 0; hereinafter, 
this being applicable in a same manner) of the alkali metal 
and the alkali earth metal can appropriately be selected in 
the range of approximately from 0.01 to 10 wt%. 

[0018] 

In order to easily obtain the cathode which is high in 
power conversion efficiency, long in device life duration, 
excellent in a uniform light -emitting property, and small in 
a voltage increase when driven in a s uccessive constant current, 
it is preferable that the cathode is formed by the composition 
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described below. Namely, it is preferable to form the cathode 
comprising a hardly vapor-depositing component, that is, any 
one of Al, Au f Fe, V and Pd, and any one of the above-described 
alkali metals and/or any one of alkali earth metals each having 
a work function of 2.9 eV or less whereupon an entire quantity 
of the alkali metal and the alkali earth metal is from 0.5 to 
5 at%. When the entire quantity of the alkali metal and the 
alkali earth metal is less than 0.5 at%, a content of the low 
work function metal ( alkali metal or alkali earth metal ) bearing 
an electron-injecting property is unduly low whereupon the 
electron-injecting property becomes insufficient and, also, 
reproducibility of a cathode composition and, accordingly, 
reproducibility of device performance is liable to be reduced. 
On the other hand, when an entire quantity of the alkali metal 
and the above-described alkali earth metal (having a work 
function of 2.9 eV or less) is more than 5 at%, the quantity 
of the alkali metal and alkali earth metal which are both active 
metals becomes unduly large whereupon not only oxidization 
resistance of the device is liable to be reduced, but also dark 
spots is increased in number and luminescence uniformity is 
liable to be reduced. 

[0019] 

The above-described cathode is sufficient for use so long 
as it functions as a cathode of an organic EL device, namely, 
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it has sheet resistance of several hundred Q/quadrature or less . 
Further, film thickness of the cathode can appropriately be 

selected in the range of approximately 10 nm to 1 jxm depending 
on specific resistance thereof and is preferably in the range 
of approximately 50 to 200 nm. 

[0020] 

When the cathode which has been described above is formed, 
as described above, the hardly vapor -depositing component is 
allowed to be vapor deposited by the electron beam vapor 
deposition method in which acceleration voltage of the electron 
is controlled such that , when an acce lerated electron is radiated 
on the vapor-depositing material for the hardly 
vapor-depositing component, a characteristic X ray is not 
substantially radiated from the vapor -depositing material (in 
a case in which plural types of hardly vapor -depositing 
components are vapor deposited, respective vaporization 
sources being used; and hereinafter, this being applicable in 
a same manner). 

[0021] 

Now, the acceleration voltage of the electron at which 
the characteristic X ray is not substantially radiated from 
the vapor-depositing material when the accelerated electron 
is irradiated on the vapor -depositing material varies depending 
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on types of such vapor -depositing materials whereupon, when 
the vapor-depositing material is Al, the acceleration voltage 
is approximately 2 kV or less, while when the vapor -depositing 
material is any one of Au, Fe, V, and Pd, the acceleration voltage 
is approximately 1 kV or less. 

[0022] 

It is difficult to form the cathode having a desired 
composition comprising a metal film made of multiple components 
by a unitary vapor deposition method. Therefore, when the 
cathode comprising the metal film made of the multiple components 
is formed, it is preferable that the hardly vapor -depositing 
component is vapor deposited by the electron beam method in 
which the acceleration voltage is controlled as described above , 
while the low work function metal is vapor deposited by the 
electron beam vapor deposition method in which the acceleration 
voltage is controlled in a same manner as in the hardly 
vapor-depositing component separately from the hardly 
vapor-depositing component (when multiple types of low work 
function metals are vapor deposited, respective vaporization 
sources being employed; hereinafter, this being applicable in 
a same manner. ) , or the low work function metal is vapor deposited 
by the vapor deposition method of the resistance heating system 
or the RF induction heating system separately from the hardly 
vapor-depositing component. 
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[0023] 

S ince the cathode made of mult iple components can be formed 
by substantially simultaneously vapor depositing respective 
components (inclusive of a case in which a given component is 
not vapor deposited temporarily for the purpose of providing 
it with a concentration gradient. ) on a desired position, w hen 
the cathode made of the multiple components is formed, it is 
preferable that a vapor deposition apparatus provided with the 
number of vaporization sources corresponding to that of types 
of the components is used. 

[0024] 

On this occasion, the reason why the acceleration voltage 
in the electron beam vapor depos ition method is controlled " such 
that, when the accelerated electron is irradiated on the 
vapor-depositing material, the characteristic X ray is not 
substantially radiated from the vapor -depositing material" is 
that, when the characteristic X ray is radiated from the 
vapor-depositing material at the time of irradiating the 
accelerated electron on the vapor -depositing material, the 
light-emitting property of the organic EL device to be obtained 
is reduced. The cause of such reduction of the light -emitting 
property is assumed to be that the fluorescence of the organic 
light-emitting material present in the organic substance layer 
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which is an undercoat of the cathode is lost or reduced by the 
above-described characteristic X ray. Therefore, when the 
cathode is formed on the above -described organic substance layer, 
it is not preferable that, not only the hardly vapor -depositing 
material, but also any of other cathode components is vapor 
deposited by the electron beam vapor deposition method in which, 
when the accelerated electron is irradiated on the 
vapor-depositing material, the characteristic X ray is 
radiated. 

[0025] 

Any type of the electron beam vapor deposition method 
is permissible so long as the acceleration voltage is controlled 
in a manner as described above whereupon examples of such 
electron beam vapor deposition methods according to the 
invention include not only an ordinary electron beam vapor 
deposition method using a low voltage/large c urrent electron 
gun such as that of a pierce gun type, a small -sized magnetic 
field deflection type, or a 270 ° deflection type, but also that 
of a hollow cathode discharge heating system (hereinafter 
referred to also as "HCD method" in short). 

[0026] 

When the cathode components are vapor deposited by the 
electron beam vapor deposition method in which the acceleration 
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voltage is controlled in a manner as described above, in order 
to suppress generation of the radiation ray such as the secondary 
electron beam, and the X ray when the accelerated electron 
collides with the vapor-depositing material, it is preferable 
that the acceleration voltage is allowed to be as low as possible . 
On the other hand, in order to increase film-forming speed, 
it is preferable that the acceleration voltage is allowed to 
be high. 

[0027] 

When the above -described ordinary electron beam vapor 
deposit ion method is applied as an electron beam vapor deposition 
method, it is preferable that the acceleration voltage is from 
approximately 0 . 5 kV to a value at which the characteristic 
X ray is not substantially radiated, and a beam current is 
approximately 0 • 1 to 4 A and it is more preferable that the 
beam current is approximately 0.1 to 2A. Further, when the 
above-described HCD method is applied as an electron beam vapor 
deposition method, it is preferable that the acceleration 
voltage is from several dozen kV to a value at which the 
characteristic X ray is not substantially radiated, and the 
hollow cathode discharge current is approximately several dozen 
to 3 00 A, and it is more preferable that the hollow cathode 
discharge current is approximately several dozen to 200 A. 
Vapor deposition conditions vary depending on heating systems 
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of the vapor-depositing material and types of vapor depo sition 
components and can not be defined as a whole; however, vapor 
deposition of Al according to the HCD method can be performed, 
for example, in a manner as described below. 

[0028] 

Firstly, an inside of a vacuum vessel is exhausted to 
1.3xl0" 4 Pa or less, and preferably to an order of a first half 
of 10" 5 Pa. Next, a discharge gas such as argon (Ar) gas is 
introduced into the inside of the vacuum vessel through a hollow 
cathode which is a constituting member of a heating hollow 
cathode electron gun and a pressure inside the vacuum vessel 
is allowed to be approximately 1x10 0 to lxl 0" 2 Pa. Subsequently, 
a direct current (several hundred V) is applied between the 
hollow cathode and an anode (crucible, water-cooled copper 
hearth, or the like) to generate a glow discharge between the 
hollow cathode and the anode. Then, when the current value 
between the hollow cathode and the anode reaches approximately 
15 A, a quantity of the discharge gas to be introduced is reduced, 
and a hollow cathode discharge is formed by allowing a pressure 
inside a system to be approximately 1x10 " 2 Pa whereupon the 
vapor-depositing material is heat -vaporized by this hollow 
cathode discharge. The vapor depositing speed is set to be 
preferably approximately 0.1 to 10 nm/second, more preferably 
0.3 to 5 nm/second and further preferably 0.5 to 1 nm/second. 
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Further, it is preferably that a distance between the substrate 
and the vaporization source is approximately 15 to 50 cm. On 
this occasion, in order to increase a plasma density ins ide 
the hollow cathode, a magnetic field of approximately 100 gauss 
may be applied to the hollow cathode in which the hollow cathode 
discharge is generated and a place in the vicinity of the anode. 
By applying the above -described magnetic field thereto or the 
like, it becomes possible to allow the hollow cathode discharge 
to be performed under a high vacuum. 

[0029] 

In the method according to the invention, when the cathode 
containing the hardly vapor -depositing component is formed, 
at least the above-described hardly vapor -depositing component 
is vapor deposited by the electron beam vapor deposition method 
whereupon a successive film - forming of the cathode of high purity 
and, accordingly, a successive forming of organic EL devices 
becomes possible. And, since, according to the electron beam 
vapor deposition method in which the acceleration voltage is 
controlled in a manner as described above, loss or reduction 
of the fluorescence of the organic light -emitting material 
contained in the above-described organic substance layer which 
is the undercoat of the cathode can be suppressed at the time 
of forming the cathode, it becomes possible to obtain the organic 
EL device excellent in the light -emitting property. Further, 
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even when the cathode containing a compo nent other than the 
hardly vapor-depositing component is formed, since the loss 
or reduction of the fluorescence of the organic light -emitting 
material contained in the organic substance layer which is the 
undercoat of the cathode can be suppressed at the time of forming 
the cathode by allowing the cathode component other than the 
hardly vapor-depositing component to be vapor deposited by the 
electron beam vapor deposition method in which the acceleration 
voltage is controlled in a manner as described above , or by 
allowing the cathode component other than the hardly 
vapor-depositing component to be vapor deposited by the vacuum 
vapor deposition method of either the resistance heating system 
or the RF induction heating system, it becomes possible to obtain 
the organic EL device excellent in the light -emitting property. 

[0030] 

In the method according to the invention, the organic 
EL device is produced in a same manner as has conventionally 
been done except that the cathode is formed in a manner as 
described above. Although there are various types of layer 
constitutions of the organic EL device, the method according 
to the invention can be applied to production of the organic 
EL devices, having different layer constitutions from one 
another, in which the cathode is each formed on the organic 
substance layer having a monolayer constitution or a multilayer 
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constitution comprising the light -emitting layer containing 
the organic light -emitting material. In the organic EL device 
of a type in which the cathode is f o rmed on the organic substance 
layer having a monolayer constitution or a multilayer 
constitution comprising the light -emitting layer containing 
the organic light -emitting material, each layer is ordinarily 
formed on the substrate whereupon specific example s of the layer 
constitutions of the organic EL devices include those having 
laminates in the orders ( 1 ) to ( 4 ) as described below on the 
above-described substrate . 

[0031] 

(1) anode/light-emitting layer /cathode; 

( 2 ) anode/hole-injecting layer/light -emitting 
layer /cathode ; 

( 3 ) anode/light-emitting layer/electron -in jecting 
layer /cathode ; and 

( 4 ) anode/hole-injecting layer/light -emitting 

layer /electron-injecting layer/cathode . 

[0032] 

In the organic EL device of the above -described type ( 1 ) / 
the light-emitting layer corresponds to the organic substance 
layer having the monolayer constitution according to the 
invention; in the organic EL device of the above -described type 
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(2), the hole-injecting layer and the light -emitting layer 
correspond to the organic substance layers of the multilayer 
constitution according to the invention ; in the organic EL device 
of the above -described type (3), the light -emitting layer and 
the electron-injecting layer correspond to the organic 
substance layers of the multilayer cons titution according to 
the invention; and, in the organic EL device of the 
above-described type (4), the hole -in jecting layer, the 
light-emitting layer and the electron -in jecting layer 
correspond to the organic substance layers of the multilayer 
constitution according to the invention. Hereinafter, a 
material and a forming method of each layer will be described 
in detail. 

[0033] 

(A) Substrate 

When the substrate is used as a surface through which 
light comes out, a transparent substrate is used as the subs trate . 
The transparent substrate is sufficient for use so long as it 
is formed of a substance having a high transmittance ( generally , 
at least 80%) to light (EL light) emitted from the light -emitting 
layer. Specific examples thereof include transparent glass 
such as alkali glass and alkali-free glass, transparent resins 
such as polyethylene terephthalate, polycarbonate, polyether 
sulfone, polyether ether ketone, polyvinyl fluoride, 
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polyacrylate, polypropylene, polyethylene, amorphous 
polyolefin and a fluorine-containing resin, and quartz in any 
form of a plate state, sheet state and film state and the like . 
It can be properly determined depending upon the use of the 
intended organic EL device what transparent substrate is to 
be used. When the substrate is not used as a surface through 
which light comes out, for example, when an organic EL device 
which emits light through its side face is produced, substrates 
other than the above-described transparent substrate may be 
used as a substrate. The substrate on this occasion may either 
be an inorganic substance or an organic substance. 



[0034] 

( B ) Anode 

As for materials for the anode, a large work function 
metal (for example, 4 ev or more), an alloy, an electrically 
conductive compound and mixtures thereof are preferably used. 
Specific examples thereof include a metal such as Au, Cul, ITO, 
a tin oxide, a zinc oxide, and an electrically conductive 
transparent material such as ln-Zn-0 type amorphous oxide film. 
The anode can be obtained by forming an electrically conductive 
film comprising the above -described material by, for example, 
a vacuum vapor deposition method, or a sputtering method . W hen 
the above-described substrate is used as a surface through which 
light (EL light) emitted from the light -emitting layer comes 
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out, it is preferable that transmittance of the above -described 
EL light in the anode is 10% or more. Further, a sheet resistance 

of the anode is preferably several hundred Q /quadrature or less . 
Although depending on materials, film thickness of the anode 

is selected from the range of ordinarily 10 nm to 1 \im and 
preferably 10 to 200 nm. 

[0035] 

(C) Light-emitting layer 

A light-emitting layer is ordinarily formed by one type 
or plural types of organic light -emitting materials whereupon 
the light-emitting layer is sometimes formed by a mixture of 
an organic light -emitting material and a hole -injecting 
material and/or an electron-injecting material to be described 
below, or a polymer material in which the mixture or the organic 
light-emitting material is dispersed. 

[0036] 

So long as the organic light-emitting material for use 
as material for the light -emitting layer simultaneously has 
three functions: (a) a function of injecting a charge, that 
is, the function in which a hole can be injected from the anode 
or the hole-injecting layer, and an electron can be injected 
from the cathode or the electron -injecting layer, when an 
electric field is applied; (b) a function of transportation, 
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that is , the function in which the injected hole and electron 
can be moved under the force of an electric field; and (c) a 
function of emitting light, that is, the function of providing 
a field where the electron and the hole are recombined with 
each other to emit light, the above material is not necessarily 
required to have sufficient performance of each of the 
above-described functions (a) to (c) in combination. For 
example, some of materials in which the injection and 
transportation properties of the hole are larger and excellent 
than the injection and transportation properties of the electron 
are suitable as an organic light-emitting material. 

[0037] 

Examples of the above-described organic light -emitting 
materials to be usable include fluorescent brighteners such 
as those of a benzothiazole type, a benzimidazole type, a 
benzoxazole type, and a styrylbenzene type. 

[0038] 

Specific examples of the above-described fluorescent 
brighteners include benzoxazole type fluorescent brighteners 
such as 
2 , 5 -bis (5,7 -di-t-pentyl-2-benzoxazolyl ) -1 , 3 , 4 -thiadiazole, 
4,4' -bis (5,7 -t-pentyl-2-benzoxazolyl ) stilbene, 
4,4' -bis [ 5 , 7-di- ( 2-methyl-2-butyl ) -2-benzoxazolyl ] stilbene , 
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2 , 5-bis ( 5 , 7-di-t-pentyl-2-benzoxazolyl ) thiphene, 

2 , 5-bis [5-a, a-dimethylbenzy 1 -2 -benzoxazoly 1 ] thiophene , 

2 , 5-bis [ 5 , 7-di- ( 2-methyl-2-butyl ) -2-benzoxazolyl ] -3 , 4-diph 

enyl thiophene, 2 , 5-bis ( 5 -methyl -2-benzoxazolyl) thiophene, 

4,4' -bis (2-benzoxazolyl ) biphenyl , 

5 -methyl -2- [ 2- [ 4- ( 5 -methyl -2-benzoxazolyl ) phenyl ] vinyl ] ben 

, and 
zoxazole, 

2 _ [ 2 - ( 4 -chloropheny 1 ) vinyl ] naphtho [ 1 , 2 -d ] oxazole ; 
benzothiazole type fluorescent brighteners such as 
2 ,2'-(p-phenylene divinylene ) -bisbenzothiazole; and 

benzoimidazole type fluorescent brighteners such as 
2 _ [ 2 - [ 4- ( 2-benzimidazolyl ) phenyl ] vinyl ] benzimidazole and 
2 _[2-(4-carboxyphenyl)vinyl]benzimidazole. Further, other 
useful compounds are listed in Chemistry of Synthetic Dyes (1971) , 

pp. 628-637 and 640. 



[0039] 

Further, specific examples of the above-described 
styrylbenzene type compounds include 

1 , 4-bis ( 2 -methylstyry 1 ) benzene , 
1 , 4-bis ( 3 -methylstyry 1 ) benzene, 

1 , 4-bis ( 4 -methylstyryl ) benzene , disty rylbenzene , 

1 , 4 -bis ( 2 -ethylstyry 1 ) benzene , 
1 , 4-bis (3 -ethylstyryl) benzene, 

1, 4-bis ( 2 -methylstyryl ) -2-methylbenzene , anc 
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1 , 4-bis ( 2-methylstyryl ) -2-ethylbenzene. 
[0040] 

Further, examples of other organic light -emitting 
materials to be usable than the above-described fluorescent 
brighteners and styrylbenzene type compounds include 
12-phthaloperinone, 1 , 4 -diphenyl-1 , 3-butadiene, 

1 , 1 , 4 , 4 - 1 et r apheny 1 -1,3 -butadiene , a naphthal im ide 

derivative, a perylene derivative, an oxadiazole derivative, 
an aldazine derivative, a pyraziline derivative, a 
cyclopentadiene derivative, a pyrrolopyrrole derivative, a 
styrylamine derivative, a coumarin type compound, polymer 
compounds described in Published International Patent 
Application No. WO90/13148 andAppl. Phys . Lett., vol. 58 , 18, 
p. 1982 (1991), an aromatic dimethyl id ine type compound, and 
a compound represented by the following general formula (I) : 
(R-Q) 2 -Al-0-L (I) 

(wherein L represents a hydrocarbon having 6 to 24 carbon 
atoms which contains a phenyl portion; 

O-L represents a phenolate ligand; 

Q represents a substituted 8-quinolinolate ligand; and 
R represents a 8-quinolinolate ring substituent selected 
so as to sterically hinder the bonding of more than 2 substituted 
8-quinolinolate ligands to an aluminum atom) . 



30 



[0041] 

On this occasion, examples of the above -described 
aromatic dimethylidine type compounds include 

1 . 4- phenylenedimethylidine, 4,4' -phenylenedimethylidine, 

2 . 5- xyly lenedimethy 1 idine , 2,6 -naphthyl enedimethy 1 idine , 
1 , 4-biphenylenedimethylidine, 

1 , 4-p-terephenylenedimethylidine, 

4,4' -bis (2,2 -di-t-butylphenylvinyl ) biphenyl , 

4,4' -bis (2,2 -diphenylvinyl ) biphenyl , and derivatives thereof * 
Further, specific examples of compounds represented by the 
above-described general formula (I) include 

bis(2-methyl-8-quinolinolate) (p-phenylphenolate) aluminum 
( III ) , bis ( 2 -methyl -8-quinolinol ate ) ( 1-naphtholate ) aluminum 
(III). 

[0042] 

In addition, a compound obtained by doping the 
above-described organic light -emitting material, which is 
allowed to be a host, with a fluorescent dye having an intensity 
in blue to green, for example, a coumarin type fluorescent dye 
or a fluorescent dye similar to the above -described host is 
also favorable as an organic light -emitting material. When 
the above-described compound is used as the org anic 
light-emitting material, luminescence of blue color to green 
color ( colors of luminescence vary depending on types of dopant ) 



31 



can be obtained in a highly efficient manner . Specific examples 
of such hosts as materials for the above-described compounds 
include an organic light -emitting material having a 
distyrylarylene skeleton (particularly preferably, for example, 
4,4'-bis(2,2-diphenylvinyl)biphenyl) . Specific examples of 
such dopants as materials for the above-described compounds 
include diphenylaminovinylarylene (particularly preferably, 
for example, N,N-diphenylaminobiphenylbenzene) and 
4,4' -bis [ 2 - [ 4 - ( N , N-di-p- toly 1 ) phenyl ] vinyl ] bipheny 1 ) . 



[0043] 

As for a method for forming the light -emitting layer by 
using the above-described organic light -emitting material, a 
known method such as a vapor deposition method, a spin coating 
method, a casting method and an LB method can be applied; however, 
it is preferred to use a method other than a sputtering method . 
Further, the light -emitting layer is particularly preferably 
a molecular deposition film. The term "molecular deposition 
film" used herein is intended to include a thin film formed 
by depositing a raw material compound in a gaseous state or 
a film formed by solidifying a material compound in a solut ion 
state or in a liquid phase state. This molecular deposition 
film is ordinarily distinguishable from a thin film formed by 
the LB method (molecular built-up film) due to differences in 
aggregation structure and high -order structure and subsequent 
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functional differences . Further , the light -emitting layer can 
be also formed by dissolving a binder such as a resin and a n 
organic light-emitting material in a solvent to form a solution 
and, then, spin-coating the thus-formed solution to form a thin 
layer. Film thickness of the thus -formed light -emitting layer 
is not particularly limited, and can be determined as required, 
while it is ordinarily preferably in the range of 5 nm to 5 
jim. 

[0044] 

(D) Hole-Injecting Layer 

A material for a hole-injecting layer to be optionally 
provided (hereinafter referred to also as "hole-injecting 
material") is sufficient for use so long as it has capability 
of injecting a hole or a barrier property against an electron. 
For example, it can appropriately be selected from among 
hole-injecting materials conventionally used as an electron 
photoreceptor, and it preferably has hole mobility of at least 

10" 5 cm 2 /V-s (electric field intensity: 10 4 to 10 5 V/cm) . The 
hole-injecting material may either be an organic material or 
an inorganic material . 

[0045] 

Specific examples thereof include a triazole derivative, 
an oxadiazole derivative, an imidazole derivative, a polyaryl 
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alkane derivative, a pyrazoline derivative, a pyrazolone 
derivative, a phenylenediamine derivative, an arylamine 
derivative, an amino -substituted chalcone derivative, an 
oxazole derivative, a styrylanthracene derivative, a 
fluorenone derivative, a hydrazone derivative, a stilbene 
derivative, a silazane derivative, polysilane, an aniline type 
copolymer, an electrically conductive polymeric oligomer 
(thiophene oligomer in particular), a porphyrin compound, an 
aromatic tertiary amine compound, a styrylamine compound, the 
above-described aromatic dimethylidine type compound denoted 
as an organic light -emitting material, and inorganic 
semiconductors such as a p-type Si and p-type Si.C. 

[0046] 

As for a hole-injecting material, it is preferred to use 
a porphyrin compound, an aromatic tertiary amine compound or 
a styrylamine compound, and it is particularly preferred to 
use an aromatic tertiary amine compound* 

[0047] 

Specific examples of the above -described porphyrin 
compounds include porphine, 

1,10,15,20 -tetraphenyl -2 1H , 23H-porphine copper (II), 
1 , 10, 15, 20-tetraphenyl-2lH,23H-porphine zinc (II) , 

5, 10, 15,20-tetrakis(pentafluorophenyl) -21H, 23H-prophine, 
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silicone phthalocyanine oxide, aluminum phthaloc yanine 
chloride, phthalocyanine (metal-free) , dilithium 

phthalocyanine , copper tetramethylphthalocyanine , copper 
phthalocyanine, chromium phthalocyanine, zinc phthalocyanine, 
lead phthalocyanine, titanium phthalocyanine oxide, magnesium 
phthalocyanine , and copper octamethylphthalocyanine. 

[0048] 

Further, specific examples of the above -described 
aromatic tertiary amine compounds and styrylamine compounds 
include N,N,N' ,N' -tetraphenyl-4 , 4 ' -diaminophenyl , 

N,N' -diphenyl-N,N' -bis- ( 3-methylphenyl ) - [ 1 , 1 ' -biphenyl ] -4 , 
4 ' -diamine , 2,2 -bis ( 4 -di-p-tolylaminopheny 1 ) propane , 

1 , 1-bis ( 4 -di-p-tolylaminophenyl ) cyclohexane , 
N,N,N' ,N' -tetra-p-tolyl-4 , 4 ' -diaminobiphenyl , 
1 , 1-bis ( 4 -di-p-tolylaminophenyl ) -4-phenylcyclohexane, 
bis ( 4 -dimethy lamino -2 -methy lphenyl ) pheny Imethane , 
bis ( 4-di-p-tolylaminopheny 1 ) pheny Imethane , 

N,N' -diphenyl-N,N ' -di- ( 4-methoxyphenyl ) -4,4' -diaminobiphen 
yl, N,N,N' ,N' -tetraphenyl-4 , 4 ' -diaminodiphenyl ether, 
4 , 4 ' -bis ( diphenylamino ) quadr iphenyl , 
N, N, N-tri ( p-tolyl ) amine, 

4 - ( di-p-tolylamino ) -4 ' - [ 4 ( di-p- tolylamino ) styryl ] st ilbene , 

4-N, N-diphenylamino - ( 2-diphenylvinyl ) benzene, 

3-methoxy-4 ' -N,N-diphenylaminost ilbene, N-phenyl carbazole, 
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a compound having two condensed aromatic rings in a molecule 
such as 4,4' -bis [N- ( 1-naphthyl ) -N-phenylamino]biphenyl , and 
a compound in which three triphenylamine units are linked in 
a starburst manner such as 

4 , 4 ' , 4 " -tr is [ N- ( 3 -methylphenyl ) -N-phenylamino ] tr iphenylami 
ne. 

[0049] 

The hole-injecting layer can be produced by forming a 
thin film from any one of the above -described materials by using 
a known method such as a vacuum vapor deposition method, a spin 
coating method, a casting method and an LB method. Although 
not particularly limited, film thickness of the hole-injecting 

layer is ordinarily 5 nm to 5 ^im. The hole-injecting layer 
may have a monolayer constitution comprising one type or plural 
types of the hole-injecting materials or a multilayer 
constitution made of plural layers having a same composition 
or different compositions thereamong. 

[0050] 

(E) Electron-Injecting Layer 

A material (hereinafter referred to also as 
" electron-injecting material " ) for an electron-injecting layer 
to be optionally provided is sufficient for use so long as it 
has a function of transmitting an electron injected from a 
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cathode to a light-emitting layer. Ordinarily, desirous is 
a material in which affinity for the electron is larger than 
affinity of the organic light -emitting material for the electron 
and is small compared with a work function of the cathode (a 
minimum work function when the cathode is made of multiple 
components). However, in a place in which an energy level 
difference is extremely large, a barrier against electron 
injection is present. This feature is not desirable. The 
affinity of the electron -in jecting material for the electron 
is preferably equivalent to the work function of the cathode 
or the affinity of the organic light -emitting material for the 
electron in magnitude. The electron-injecting material may 
either be an organic material or an inorganic material. 

[0051] 

Specific examples of such electron-injecting materials 
include a nitro-substituted fluorenone derivative, an 
anthraquinodimethane derivative, a diphenylquinone derivative, 
a thiopyrane dioxide derivative, a heterocyclic 
tetracarboxylic acid anhydride such as naphthalene perylene, 
carbodiimide, a f luorenylidenemethane derivative, an anthrone 
derivative, an oxadiazole derivative, a series of 
electron-transmitting compounds disclosed as a material for 
a light -emitting layer in JP-A No. 59-194393, a thiazole 
derivative formed by substituting a sulfur atom for an oxygen 



37 



atom of an oxadiazole ring, a quinoxaline derivative having 

a quinoxaline ring known as an electron -attracting group, a 

metal complex of 8-quinolinol derivative (for example, 

tris ( 8-quinolinol ) aluminum, 

tris ( 5 , 7-dichloro-8-quinolinol ) aluminum, 

tris ( 5 , 7 -dibromo- 8-quinolinol ) aluminum, 

tris ( 2 -methyl -8-quinolinol ) aluminum, 

tris ( 5-methyl-8-quinolinol ) aluminum, bis (8-quinolinol ) zinc , 
or a metal complex in which a center metal of any one of the 
above-described metal complexes is substituted by any one of 
In, Mg, Cu, Ca, Sn, Ga, and Pb), a metal-free or metal 
phthalocyanine, a metal-free or metal phthalocyanine having 
its terminal replaced with an alkyl group, or a sulfone group, 
the above-described distyrylpyrazine derivate denoted as an 
organic light -emitting material, and inorganic semiconductor s 
such as n-type Si and n-type Sic. 

[0052] 

The electron-injecting layer can be formed by forming 
a thin film of the above-described electron-injecting material 
by means of a known method such as a vacuum vapor deposition 
method, a spin coating method, a casting method or an LB method. 
Although not particularly limited, film thickness of the 

electron-injecting layer is ordinarily 5 nm to 5 \m. The 
electron-injecting layer may have a monolayer constitution 
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comprising one type or plural types of the electron-injecting 
materials or a multilayer constitution having plural layers 
having a same composition or different compositions thereamong . 

[0053] 

Materials and production methods for respective layers 
other than the cathode have been described in detail ; accordingly, 
when the above-described vacuum vapor deposition apparatus for 
forming the cathode is used at the time of forming respective 
layers other than the substrate, the organic EL device can be 
formed only by this vacuum vapor deposition apparatus, thereby 
being advantageous in aiming at simplifying facilities or 
shortening production time. At that time, respective layers 
are formed in a successive manner from one to another. Namely, 
such formation is preferably performed such that vacuum is not 
broken at all in the period between the time after a given layer 
A is formed and the time before a subsequent layer B is formed. 

[0054] 

Further , since an organic EL device is ordinarily provided 
with a sealing layer to prevent moisture or oxygen from 
infiltrating into each layer constituting the organic EL device, 
the method according to the invention may comprise a step for 
providing the sealing layer. 



39 



[0055] 

Specific examples of materials for the sealing layer 
include a copolymer obtained by copolymer izing a monomer mixture 
containing tetraf luoroethylene and at least one comonomer, a 
fluorine-containing copolymer having a cyclic structure in a 
main chain thereof, polyethylene, polypropylene, polymethyl 
methacrylate, polyimide, polyurea, polytetraf luoroethylene, 
polychlorotr if luoroethylene , polydichlorodif luoroethylene , 
a copolymer of chlorotrif luoroethylene and 

dichlorodif luoroethylene, a water-absorptive substance having 
a water absorption of 1% or more, a vapor-barrier substance 
having a water absorption of 0.1% or less, metals such as in, 
sn, Pb, Au, Cu, Ag, Al, Ti and Ni, metal oxides such as MgO, 
SiO, Si0 2 , A1 2 0 3 , Geo, NiO, CaO, BaO, Fe 2 0 3 , Y 2 0 3 and TiO z , metal 
fluorides such as MgF 2 , LiF, AlF 3 and CaF 2 , liquid fluorinated 
carbons such as a perf luoroalkane, a perf luoroamine and a 
perfluoropolyether, and a dispersion in which an adsorbent to 
adsorb water or oxygen is dispersed in any one of the liquid 
fluorinated carbons. 



[0056] 

When the sealing layer comprising any one of the 
above-described materials is formed, any one of a vacuum vapor 
deposition method, a spin coating method, a sputter i ng method, 
a casting method, an MBE (molecular -beam epitaxy) method, a 
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cluster ion beam vapor deposition method, an ion plating method, 
a plasma polymerization method ( RF excited ion plating method) , 
a reactive sputtering method, a plasma CVD method, a las er CVD 
method, a thermal CVD method and a gas source CVD method can 
be used as required. When the liquid fluorinated carbon or 
the dispersion in which an adsorbent to adsorb water or oxygen 
is dispersed in the liquid fluorinated carbon is used as a 
material for the sealing layer, the sealing layer is preferably 
formed by first providing a housing material , which covers an 
organic EL device in cooperation with a substrate, outside the 
organic EL device (which may already have another sealing layer) 
formed on the above-described substrate while forming a space 
between the organic EL device and the housing material and , 
then, filling the space formed by the above -described substrate 
and the above-described housing material with the 
above-described liquid fluorinated carbon or the 
above-described dispersion in which the adsorbent to adsorb 
water or oxygen is dispersed in the above-described liquid 
fluorinated carbon. As for the above-described housing 
material, a material comprising glass or a polymer ( for example, 
trif luoroethylene chloride) having small water absorption is 
advantageously used. In a case in which the housing material 
is used, the housing material alone may be provided without 
providing the above -described sealing layer. In another case , 
after the housing material is provided, a layer of the adsorbent 
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to adsorb water or oxygen may be provided in the space formed 
by the housing material and the above substrate, or particles 
of the above-described adsorbent may be dispersed therein. 

[0057] 

Further, a technique for forming the cathode in the method 
according to the invention can be applied also to a case in 
which the cathode which does not contain a hardly 
vapor-depositing component is formed on the above -described 
organic substance layer. In this case, a given cathode 
component is vapor deposited by the electron beam vapor 
deposition method in which the acceleration voltage is 
controlled as described above. Further, the technique in the 
method according to the invention is advantageous as a tec hnique 
not only for forming the above -described organic substance layer 
for the organic EL device but also for forming an electrically 
conductive film on various types of organic substances, and 
particularly for forming an electrically conductive film 
containing the hardly vapor -depositing component, when the 
electrically conductive film is formed on the organic substance 
based on the technique for forming the cathode in the method 
according to the invention, deterioration of the 
above-described organic substance due to such formation of the 
electrically conductive film can be suppressed. 
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[0058] 

Hereinafter, embodiments according to the invention will 
be described. 

Example 1 

( 1 ) Preparation of Organic EL Device 

Firstly, an ITO transparent electrode (corresponding to 
anode) having a film thickness of 100 nm was formed on a glass 
substrate having a size of 25 mm long, 75 mm wide and 1.1 mm 
thick to prepare a substrate having an anode. After the 
thus-prepared substrate having the anode was treated with 
ultrasonic cleaning in an organic solvent, a dry nitrogen gas 
was blown to the resultant substrate having the anode to remove 
the organic solvent from a surface of the ITO transparent 
electrode. Thereafter, the resultant substrate having the 
anode was treated with UV/ozone cleaning to remove the organic 
substance from the surface of the ITO transparent electrode. 

[0059] 

Next, a high-vacuum vapor deposition apparatus provided 
with both of a vaporization source of resistance heating system 
and a vaporization source of a hollow cathode discharge 
(hereinafter referred to also as "HCD" in short) system was 
prepared and, then, by using the thus -prepared high -vacuum vapor 
deposition apparatus, a hole -injecting layer, a light -emitting 
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layer, an electron-injecting layer and a cathode were laminated 
on the ITO transparent electrode of the above -described 
substrate having the anode which had been subjected to cleaning 
in the stated order under conditions to be described below to 
obtain an organic EL device. On this occasion , the organic 
EL device was prepared by a one - time vacuuming operation , without 
breaking vacuum during a period of from the time of forming 
the hole-injecting layer to the time of forming the cathode. 

[0060] 

Firstly, while using 

4 , 4 ' -bis [N- ( 1-naphthyl ) -N-phenylamino ]biphenyl ( hereinafter 
referred to also as "NPD" in short) as a hole-in jecting material, 
the NPD was vapor deposited under conditions of a degree of 
vacuum at the time of vapor deposition of 5.0x10 ~ 5 Pa or less, 
and a vapor deposition speed of 0.1 to 0.3 nm/second to form 
a hole-injecting layer having a film thickness of 60 nm. On 
this occasion, the above -described substrate having the anode 
was particularly neither heated nor cooled. Next, while using 
tr is ( 8 -quinolinol ) aluminum (hereinafter referred to also as 
"Alq" in short) as an organic light -emitting material, the Alq 
was vapor deposited under the same conditions as those at the 
time of forming the above -described hole-injecting layer to 
form a light -emitting layer having a film thickness of 60 nm. 
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[0061] 

Subsequently, while using aluminum (Al) and lithium (Li) 
as cathode materials, Al which is a hardly vapor -depositing 
component was put in a predetermined place of the vaporaization 
source of the HCD system and Li which is a low work function 
metal was put in a predetermined place of a vaporization source 
of resistance heating system and, then, an argon gas was 
introduced into a vacuum vessel via hollow cathode of an HCD 
electron gun which constitutes a vaporization source of the 
HCD system to allow a degree of vacuum inside a system to be 
l.OxlO" 1 Pa, Thereafter, a direct current of 200 V was applied 
between the cathode and anode of the vaporization source of 
the HCD system to generate glow discharge. When the current 
between the cathode and anode of the vaporization source of 
the HCD system reached 15 A, a quantity of the argon gas to 
be introduced was reduced to allow pressure inside the system 
to be l.OxlO" 2 Pa to initiate hollow cathode discharge. After 
confirming that the hollow cathode discharge became constant, 
a current output was adjusted in a gradual manner to allow a 
beam output to be adjusted such that a vapor deposition speed 
of Al became 1 nm/second as a value measured by a quartz 
oscillation type thickness meter . Acce leration voltage at that 
time was 40 V. Further, during a period in which the vapor 
deposition speed was allowed to be constant, a temperature of 
the vaporization source of the resistance heating system was 
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also raised in a gradual manner and, while degas sing was 
performed , a heating temperature was adjusted such that the 
vapor deposition speed of Li was allowed to be 0.6 nm/minute 
as a value measured by a quartz oscillation type thickness meter. 
After confirming that the vapor deposition speed of Al and the 
vapor deposition speed of Li were in respective above -described 
values, a shutter provided in the vaporization source of the 
HCD system and a shutter provided in the vaporization source 
of the resistance heating system were simultaneously opened 
to initiate film-forming of cathode on the light -emitting layer 
and in the vicinity thereof and, when a vapor -deposited film 
thickness of Al became 150 nm as a value measured by the quartz 
oscillation type thickness meter, both shutters were closed 
to terminate film- forming. Film-forming conditions of the 
cathode are shown in Table 1 as a whole. 

[0062] 

By performing a forming operation up to the 
above-described cathode, the organic EL device in which the 
anode ( ITO transparent electrode), the hole -injecting layer 
(NPD layer), the light -emitting layer (Alq layer) and the cathode 
(Al-Li layer) were laminated on the above -described glass 
substrate in the stated order was obtained. In this organic 
EL device, the hole-injecting layer and the light -emitting layer 
correspond to the "organic substance layer of multilayer 
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constitution comprising the light -emitting layer containing 
the organic light -emitting material " according to the invention. 
Further , about 0 .3 wt% of Li is contained in the above -described 
cathode. 

[0063] 

(2) Light-Emission Test of Organic EL Device 

When a direct current voltage of 6 V was applied between 
the anode and the cathode of the organic EL device obtained 
in (1), a current of 2.56 mA/cm 2 was flown to obtain a green 
color luminescence having a luminance of 78.2 cd/m 2 . Power 
conversion efficiency at that time was as high as 1.61 lm/W. 
Further, black spots were not noticed in the field of view of 
a luminance meter (CS-100: trade name; available from Minolta 
Co . , Ltd . ) whereupon the luminescen ce uniformity was good . The 
results are shown in Table 1 as a whole. 

[0064] 

(3) Successive Preparation 

10 organic EL devices in total were successively prepared 
in a same operation as in (1) except that additional pieces 
of the substrates each having an anode and an additional quantity 
of the vapor -depositing material were supplied. Formation of 
the hole-injecting layer, the light -emitting layer and the 
cathode at the time of preparing second and subsequent organic 
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EL devices was able to be performed under same conditions as 
those at the time of preparing a first organic EL device , thereby 
being capable of forming each layer with high reproducibility. 
Further , performance ( light -emitting characteristics) of the 
thus-prepared organic EL devices had no great differences among 
the first organic EL device and the second and subsequent organic 
EL devices whereupon high reproducibility of the performance 
(light-emitting characteristics) of the devices was able to 
be also obtained. 

[0065] 
Example 2 

( 1 ) Preparation of Organic EL Device 

An organic EL device was prepared by using a same 
high-vacuum vapor deposition apparatus as used in Example 1 
except for being provided with a vaporization source of an 
electron beam vapor deposition system having a 2 kW electron 
gun of an ordinary thermionic filament type in place of the 
vaporization source of the HCD system, under same conditions 
as in Example 1 except that, when the cathode was formed, Al 
which is a hardly vapor-depositing material was vapor deposited 
by using the vaporization source of the above -described electron 
beam vapor deposition system. Vapor deposition of Al at that 
time was performed by allowing the acceleration voltage of the 
above-described electron gun to be 2 kV and emission current 
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to be adjusted such that the vapor deposition speed of Al became 
same as in Example 1. Further, the vapor deposition speed of 
Li was allowed to be same as in Example 1. Still further, a 
degree of vacuum at the time of forming the cathode was allowed 
to be 1 . 0x1 0" 4 Pa. Furthermore, about 0 . 4 wt% of Li is contained 
in the cathode. 

[0066] 

(2) Light-emission Test of Organic EL Device 

The organic EL device obtained in (1) was subjected to 
a same light -emission test as in Example 1. The results are 
concurrently shown in Table 1 . 

[0067] 

(3) Successive Preparation 

When 10 organic EL devices in total were prepared 
successively in a same operation as in ( 1 ) except that additional 
pieces of the substrates each having an anode and an additional 
quantity of the vapor -depositing material were supplied, each 
layer of a hole-injecting layer, a light -emitting layer and 
cathode was able to be formed with high reproducibility and, 
further, performance ( light -emitting characteristics ) of each 
of the devices was obtained with high reproducibility. 

[0068] 
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Example 3 

(1) Preparation of Organic EL Device 

An organic EL device was prepared in a same manner as 
in Example 1 except that Ca was used in place of Li and the 
acceleration voltage at the time of vapor -depositing Al was 
allowed to be a value as shown in Table 1 . The vapor deposition 
speed of Al at that time was allowed to be same as that in Example 
1 and that of Ca to be 1 nm/minute. Further, about 1 wt% of 
Ca is contained in the cathode. 

[0069] 

(2) Light-emission Test of Organic EL Device 

The organic EL device obtained in (1) was subjected to 
a same light-emission test as in Example 1. The results are 
concurrently shown in Table 1 . 

[0070] 

(3) Successive Preparation 

When 10 organic EL devices in total were prepared 
successively in a same operation as in ( 1 ) except that additional 
pieces of the substrates each having an anode and an additional 
quantity of the vapor -depositing material were supplied, each 
layer of a hole-injecting layer, a light -emitting layer and 
cathode was able to be formed with high reproducibility and, 
further, performance ( light -emitting characteristics ) of each 
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of the devices was obtained with high reproducibility. 

[0071] 
Example 4 

(1) Preparation of Organic EL Device 

An organic EL device was prepared by us ing a same 
high-vacuum vapor deposition apparatus as used in Example 1 
except for being provided with vaporization sources of an HCD 
system (accordingly , two units in total of vaporization sources 
of the HCD system) in place of the vaporization source of t he 
resistance heating system, under same conditions as in Example 
1 except that, when the cathode was formed, Li also was 
vapor-deposited in a same manner as in Al by using the 
vaporization source of the HCD system and, further, respective 
acceleration voltages at the time of vapor -depositing Li and 
Al were allowed to be values shown in Table 1 . Vapor deposition 
of Al at that time was performed in a same manner as in Example 
1, while the vapor deposition speed of Li was allowed to be 
1.2 nm/minute. Further, about 0.5 wt% of Li is contained in 
the cathode. 

[0072] 

(2) Light-Emission Test of Organic EL Device 

The organic EL device obtained in (1) was subjected to 
a same light-emission test as in Example 1. The results are 
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concurrently shown in Table 1. 



[0073] 

(3) Successive Preparation 

When 10 organic EL devices in total were prepared 
successively in a same operation as in ( 1 ) except that additional 
pieces of the substrates each having an anode and an additional 
quantity of the vapor -depositing material were supplied, each 
layer of a hole-injecting layer, a light -emitting layer and 
cathode was able to be formed with high reproducibility and, 
further, performance ( light -emitting characteristics) of each 
of the devices was obtained with high reproducibility. 

[0074] 

Comparative Example 1 

(1) Preparation of Organic EL Device 

An organic EL device was prepared by using a same 
high-vacuum vapor deposition apparatus as used in Example 1 
except for being provided with vaporization sources ( resistance 
heater is of a helical-coil type filament) of a resistance 
heating system (accordingly, two units in total of vaporization 
sources of the resistance heating system) in place of the 
vaporization source of the HCD system, under same conditions 
as in Example 1 except that, when the cathode was formed, Al 
which is a hardly vapor -depositing component was also vaporized 
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by the vaporization source of the above -described resistance 
heating system- Respective vapor deposition speeds of Al and 
Li at that time were same as those as in Example 1 , and a degree 
of vacuum at that time was l.OxlO" 4 Pa. 

[0075] 

(2) Light-Emission Test of Organic EL Device 

The organic EL device obtained in (1) was subjected to 
a same light -emission test as in Example 1- The results are 
concurrently shown in Table 1. 

[0076] 

(3) Successive Preparation 

10 organic EL devices in total were prepared successively 
in a same operation as in (1) except that additional pieces 
of the substrates each having an anode and an additional quantity 
of the vapor-depositing material were supplied, whereupon, when 
a third organic EL device was prepared, the vapor deposition 
speed of Al was greatly deviated and, while such deviation was 
being adjusted, filament of the vaporization source was broken. 
Although the resistance heating system provided with the 
resistance heater in a boat or basket state made of tungsten 
(W) was tested, such tested resistance heaters were all broken 
only after used twice or three times, thereby being unusable. 
Further, even when the resistance heating system provided with 



53 




the resistance heater in the boat state made of a sintered compact 
of boron nitride (BN) was used as the vaporization source for 
vaporizing Al, such 10 organic EL devices were unable to be 
prepared successively. 

[0077] 

Comparative Example 2 

An organic EL device was prepared by using a same 
high-vacuum vapor deposition apparatus as used in Example 2 
except for being provided with a vaporization source having 
a 5 kW electron gun of an ordinary thermionic filament type 
as a vaporization source of an electron -beam deposition system, 
under same conditions as in Example 1 except that, when the 
cathode was formed, Al which is a hardly vapor -depositing 
material was vapor deposited by using the vaporization source 
of the above-described electron beam vapor deposition system 
and a degree of vacuum at the time of forming the cathode was 
allowed to be l.OxlO" 4 Pa. Vapor deposition of Al at that time 
was performed by allowing the acceleration voltage of the 
above-described electron gun to be 10 kV and emission current 
to be adjusted such that the vapor deposition speed of Al became 
same as in Example 1. Further, the vapor deposition speed of 
Li and a degree of vacuum at the time of forming the cathode 
were allowed to be same as in Example 2. 
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[0078] 

(2) Light-Emission Test of Organic EL Device 

The organic EL device obtained in ( 1 ) had low efficiency 
to such an extent as that luminescence was able to be visibly 
admitted only when a direct current voltage of 15 V was applied 
between the cathode and anode. The results are concurrently 
shown in Table 1 • In order to confirm reproducibility , 3 organic 
EL devices were prepared in a same manner as in (1) and, then, 
subjected to a light -emission test, thereby obtaining same 
results as those described above. 
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*1 : A 2 kW electron gun of a thermo ionic filament type was used. 
*2 : A helical-coil type filament was used as a resistance heater. 
* 3 : A 5 kW electron gun of a thermo ionic filament type was used. 
*4 : Current densities at the time of applying a 6 V direct current 
voltage between a cathode and an anode of the organic EL device 
are shown. 

*5: Conversion efficiency to such an extent as that, only when 
a 15 V direct current voltage was applied between a cathode 
and a anode of an organic EL device, luminescence was visually 
admitted is shown. 

[0080] 

As is apparent from a comparison among Examples 1 to 4 
and Comparative Example 1 , when only one organic EL device is 
prepared, the organic EL device having high light -emitting 
characteristics can be obtained by allowing each cathode 
component to be vapor deposited by means of the vacuum vapor 
deposition method of the resistance heating system; however, 
when the hardly vapor -depositing component (Ai) among 
components of the cathode is vapor deposited by the vacuum vapor 
deposition method of the resistance heating system, the organic 
EL devices can not be prepared successively. Further, as is 
apparent from a comparison between Example 2 and Comparative 
Example 2, in a case in which the hardly vapor -depositing 
component (Al) among the components of the cathode is vapor 
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deposited by the electron beam vapor deposition method, when 
the acceleration voltage is allowed to be 10 kv which is higher 
than 2 kv, the light -emitting characteristics to be obtained 
of the organic EL device are greatly lowered. 

[0081] 

[Advantage of the Invention] 

As has been described above, according to the method for 
producing the organic El device of the present invention, it 
is possible to successively prepare the organic EL devices which 
are each excellent in light -emitting characteristics and, 
accordingly, it becomes possible to provide the organic EL device 
which is excellent in light -emitting characteristics at a low 
cost . 

Continued from page 1 
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